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XIV.—Limits of the Valley Glaeiation in the Basin of the Dee. 
By ALEX. BREMNER, M.A., D.Sc, F.R.S.E. 

(Read 20th March, 1918.) 

INTRODUCTION. 

THE successive floras entombed in the peat-mosses of different 
parts of the country afford evidence proving an alternation in 
late glacial times of arctic and mild climatic conditions of so 
conclusive a nature that the botanist is entitled to ask the 
geologist for physical evidence to the same effect. 

In the basin of the Dee no interglacial deposits have been 
encountered, and we cannot therefore affirm that the valley 
glaeiation (Prof. Geikie's Fourth or Mecklenburgian Glacial 
Stage) was preceded by a period of complete deglaciation. But 
at some future time a comparison of the contents of peat-mosses 
resting on the products of the last big ice with those of mosses 
resting on the debris of the valley glaciers-may afford strong 
presumptive evidence that this was so. Meanwhile I hope to 
show from physical evidence alone that the valley glaeiation 
was here, as elsewhere, a very distinct phase in the history of 
the Ice Age. 

PREVIOUS LITERATURE. 

The only reference to the glacier of the Dee Valley occurs in 
the Explanation of Sheet 65 (Mem. Geol. Survey, Geology of 
Ballater, Braemar, and Glen Clova), p. 124. Speaking of the 
Moor of Dinnet 1 the writer states, after quoting the authority 
of Dr Jamieson : " There is little doubt that this widespread 
deposit of gravel was laid down by the meltwater of this great 
valley-glacier at the point where it debouched from the con
stricted Highland valley on to the lower ground." 

Now the thesis of Dr Jamieson's paper, " On the Last Stages of 
the Glacial Period in North Britain " (Q.J.G.S., vol. xxx. pp. 134 
et seq., 1874) is stated in the following paragraph : " In Scotland 
we seem to have at least three well-defined stages in the history of 
the glacial period, viz.: First, the great early glaeiation ; second, 
the period represented by the glacial marine beds containing 
remains of arctic mollusca, when much of the country was covered 
by the sea ; and, third, what I shall call the time of the later 
glaciers " (loc. cit., p. 134). By " later glaciers " he evidently 

1 The localities mentioned in this paper will be found on Sheets 75, 76, 65, 
66, of the 1-inch O.S. map. 
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means " the later ice-sheet," for he traces the spoor of the re
treating ice from the coast at Aberdeen to the heart of the 
Cairngorms in Glen Deny ; and, indeed, in his references to 
Deeside is merely concerned with proofs that " the glacier " 
(or portion of the retreating ice-sheet) and not the sea has been 
the later occupant of the surface. He points out that the longest 
and most decided pause in the retreat of the ice occurred between 
Tullich and Cambus o' May. This, however, is something totally 
different from stating that the valley glaciation, as we now 
understand it, extended thus far and no further. 

In view of its possible bearing on isostatic depression and 
recovery in relation to ancient shore-lines, it seems important 
to fix as definitely as possible the extent of the valley glaciers 
and district ice-sheets. 

The proofs usually adduced in favour of the former existence 
of a valley glacier are these :— 

1. The abundance and freshness of the moraines at and above 
its supposed lower limit; 

2. Outwash plains and valley-trains of fluvio-glacial sands and 
gravels in front of the terminal moraines ; 

3. Overdeepening of the main valley with production of 
hanging side valleys, oversteepening of the Valley walls, and 
truncation of spurs; 

4. Absence or patchy distribution of till in the portion of the 
valley formerly occupied by the glacier ; 

5. Marked deviation in the direction of its movement from 
that of the ice-sheet as indicated by striae, roches moutonnees 
and carry of erratics. 

To these I should like to add— 
6. Abundance of marginal channels scoring the valley sides, 

and of overflow channels trenching spurs and secondary water
sheds. 

The occurrence of any of these features singly may be regarded 
as of little weight, but in conjunction they afford as strong 
evidence as one has a right to expect. 

LIMITS REACHED BY THE DEE VALLEY GLACIER. 

A great trunk glacier, formed by the union of the Muick and 
Gairn ice with the main Dee glacier, swept along the wide 
U-shaped trough between Ballater and Cambus o' May. Most 
of the criteria1 mentioned above can be applied to prove that 
this trough was the bed of a valley glacier. 

But the great assemblage of moraines between Tullich and 
Cambus o' May does not mark its furthest down-valley exten-

1 All except the fifth. 
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sion. The plentiful moraines, truncated spurs, and hanging 
valleys, and the superabundance of marginal channels, hidden— 
and therefore apt to be overlooked—among the beautiful birch 
and oak woods on the south side of the river, combine to prove 
that the glacier moved down the valley to the farm of Burnroot, 
four miles beyond Cambus o' May. By means of moraines 
and marginal channels its gradually declining level can be traced 
with perfect clearness. A marginal channel trenches the spur 
above Little Tullich at a level of 1000 feet; the next spur to 
the east is crossed at Waternaldy by a channel about 900 feet 
above the sea. The embayment between the spurs is fringed 
by a lateral moraine stretching from the first channel to the 
second. At Newton a third spur is notched by a channel at 
800 fegt, while near Tillycairn there is a rather obscure channel at 
700 feet. Moraines die out near Burnroot at a level of 550 feet ± . 
At lower levels than those just mentioned there is the most 
wonderful assemblage possible of moraines (lateral moraines) 
and marginal channels ; the latter are sometimes cut in rock, 
sometimes in glacial deposits, sometimes partly in one, partly in 
the other. 

After surmounting the Cnoc Dubh spur the glacier, instead of 
being confined within a trough little over a mile wide, fanned 
out over the level ground north of the Dee and reached the base 
of the low hills bounding the Dinnet-Coldstone Basin on the 
east along a frontage of over six miles. The superglacial, 
englacial and subglacial debris was thereby so diffused that no 
piling up of well-marked moraines took place except along the 
flanks, i.e. along the slopes south of the Dee, and towards Blelack 
and Newkirk'. 

When the snow-line reached its lowest level (? 1500 feet) an 
ice-field occupied the wide high-level basin to the south of Morven 
and drained Jby small glaciers (1) down the valleys of the Tullich 
and Culsten Burns, (2) over the eastern rim of the basin. The 
ice that descended by the latter route coalesced with that which 
drained from the snow-cap on Culbleen, and this in turn united 
with the left margin of the expanded foot of the trunk glacier, 
where the direction of movement—owing to fanning out—was 
northward. The result was that the tributary ice-stream also 
was compelled to move northward and so came to flow obliquely 
down the steep slopes of Culbleen and Morven. 

The ice-mass on the low ground was augmented by another 
tributary glacier descending from the-higher part of the basin of 
the Pollagach Burn and the Come of Corn Arn. 

The expanded foot of the main Dee glacier was joined by 
two other distinct glaciers ; and the united mass of ice therefore 
formed a small " piedmont " glacier. 
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OveT the whole area formerly occupied by this piedmont 
glacier, granite boulders greatly predominate among the erratics 
in the morainic and fluvio-glacial deposits ; and in the valley 
train of outwash that extends to beyond Aboyne they are equally 
conspicuous. This is to be expected, because from Ballater to 
Cnoc Dubh the only rock encountered by the ice was Newer 
Granite, and the amount of rock removed is witnessed to by 
truncated spurs and oversteepened walls. 

This granitic debris forms a heavy covering over most of the 
low ground in the Dinnet-Coldstone Basin, irrespective of the 
nature of the underlying rock. 

Along the eastern base of Morven at Groddie and on the 
Coinlach Burn (above the point where it reaches the flats of 
the Coldstone Basin) are fine moraines. Of the materials com
posing them over 90 per cent, are granitic though the moraines 
rest on epidiorite. This points to a northward movement, 
oblique to the slope, of the ice from Culbleen and the high basin 
south of Morven, for I do not think that this granitic debris 
could have been brought into its present position merely by the 
fanning out of the main Dee Valley glacier. Nor could it have 
been deposited by the ice-sheet, which here moved eastward 
and brought an abundance of epidiorites (from Morven). In 
this quarter, in fact, the ice-carry during the valley glaciation 
was#at right angles to that which prevailed during the great 
glaciation (or glaciations). 

At Old Groddie a fine section is exposed in the moraine ; of 
the less coarse materials 99 per cent, are granitic : the larger 
boulders are epidiorites. * Here, perhaps, a sort of sheet glacier, 
i.e. a glacier without definite bounding walls of rock—or a series 
of snow slides—may have descended the steep east shoulder of 
Morven and contributed the large and little worn epidiorte 
boulders, which occur only on that side of the moraine nearest 
to the hill-slope. 

It has been stated that the ice-front reached the low hills 
bounding the Dinnet-Coldstone Basin on the east. Against 
these hills it rested at a level of between 600 and 650 feet. West 
of the fairly definite line marking the limit reached by the ice 
are morainic and fluvio-glacial deposits, predominantly granitic : 
east of it the hill-slopes, where they do not show bare rock, are 
mantled by boulder clay containing, even where it rests on 
granite, a varied suite of rocks. 

At two points the watershed between the Dinnet-Coldstone 
and Tarland Basins is cut across by direct overflow channels: 
(1) North of Newkirk; level of intake. 625 to 630 feet: 
(2) near the farm of Leys ; level of intake 621 feet. From the 
levels of their intakes it is clear that these channels functioned 
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only during the maximum extension of the glacier and for a 
comparatively short time : they are of no great size though quite 
well marked. 

The boulder-clay slope between Holmhead and the Dee is 
trenched by a number of marginal channels, which evidently 
carried meltwater along the ice-front where it rested against the 
rising ground. The intake of the highest is 600 feet above the 
sea, and this appears to mark the highest level here reached by 
the ice; for further up the hill there is a smooth boulder-clay 
slope unencumbered by morainic material. The material carried 
down these channels (or " holms " as they are locally called) 
went to swell the valley train of sands and gravels. 

I fancy that these facts—and I have known them for the past 
ten years—are sufficient to establish the existence of a great 
valley glacier and to fix the limits reached by it. Recently, 
however, evidence of a more conclusive nature has been obtained. 

Between a line from Glenmuick House to Bridge of Gairn and 
Aboyne more clean boulder-clay sections can be seen than in 
any other similar distance throughout the whole length of the 
Dee Valley ; in all they number thirty. One summer it occurred 
to me that it might be interesting to make a census of the 
boulders over 2 inches in diameter found in the different 
boulder-clay exposures along the Dee (i.e. in the fair-way of 
the ice) between Cambus o' May and Aboyne. Comparison of 
results revealed the interesting fact that in sections east of Mill 
of Dinnet granite boulders formed on the average 30 per cent, of 
the whole, while in those west of Mill of Dinnet (with exceptions 
to be presently noted) non-granitic boulders averaged 30 per cent, 
of the whole. 

Coupled with this was another fact—that the clay with the 
lower granite percentage was more compact, standing up better 
to the denuding action of rain and river and forming steeper 
bluffs. Washing showed it to have a higher—-but not markedly 
higher—proportion of fine-grained material. The clay with 
the higher granite percentage frequently contained patches and 
streaks of sand; while at certain points a similar clay was in
volved amongst the tumultuous gravels and boulders of the 
moraines. From Dinnet to the sea very few boulder clay sections 
show intercalations of sand and gravel—I have noted only one. 

It thus appeared that there were in this district two boulder-
clays—(1) the till or ground-moraine of the big ice, (2) the ground 
moraine of t̂ he valley glacier. 

Many years ago Prof. James Geikie wrote as follows : " Above 
the point where terminal moraines occur, only meagre patches 
of till are met with on the bottoms of the valleys., The adjacent 
hill-slopes up to a certain line may show bare rock, sprinkled 

E 
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perchance with erratics and superficial moraine detritus; but 
above this line, if the declivity be not too great, boulder-clay 
often comes on again." Though this statement has been re
peated by many observers, it cannot be true of all valleys once 
occupied by the later glaciers. A glacier descending a short 
high-grade valley is likely to erode and carry away most, if not 
all, of the till previously deposited arid to form no ground moraine 
of its own. Given, as in the case we are considering, a glacier 
thirty miles in length in a comparatively low-grade valley, one is 
entitled to expect that beneath it—at any rate near its termina
tion—ground moraine will accumulate and be left, when the ice 
retreats, as boulder-clay. 

The existence of two boulder-clays being ascertained, the 
next task was to find the later superposed upon the earlier. 
After eight years of watching and waiting this was accomplished. 

1. North of Dinnet Station blinding for the roads has been 
taken from a low mound in the middle of the moor. For some 
years the opening showed the older boulder-clay. Two years 
ago the pit had been cut back so far that the older clay appeared 
on its floor while the working face showed a sandy boulder-clay, 
with much granite, separated from the compact clay below by 
coarse gravel. 

2. In a river bluff a short distance below the farm of Haugh 
15 to 20 feet of the upper clay is seen resting on 10 to 15 feet 
of the lower. It is difficult for anyone not provided with 
wings to compare the contents of the two clays, but it is easy to 
see that the upper clay (a) is more readily denuded than the 
lower and so presents a less steep front towards the river, (6) has 
so many intercalations of sand that it has a streaky or semi-
stratified appearance,1 while in the lower clay only a few small 
pockets of sand could be detected. 

The two clays are separated by a band, 2 inches to 2 feet thick, 
consisting of laminae of fine brown clay and loam, which in 
places shows signs of intense shearing. 

In a second bluff, a few hundred yards down stream, the upper 
boulder-clay rests on a thin band of sheared brown clay, below 
which comes 8 to 15 feet of gravel with bedding quite un
disturbed. The lower clay is not visible—at any rate at present: 
it may be hidden by talus. 

In both bluffs the boulder clay is capped by 10 feet of coarse 
gravel with numerous large boulders of granite—boulder beds 
they might be called : in the first bluff stratified gravel with some 
layers of sand is intercalated between the clay and the boulder bed. 

1 This is the character of all the boulder-clay about and to the west of 
Cambus o' May, except some in Glengairn (cp. Explanation of Sheet 65, pp. 120, 
121). 
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These bluffs show satisfactory sections only after a cleaning 
up by a spate. For a number of years the boulder-clay faces 
have been obscured by wash from above, due to water trickling 
down from the junction between the clay and the overlying sand 
and gravel.1 

The layer of sheared clay and loam represents the sliding 
plane or plane of separation between the older glacial deposits 
below and the material dragged along by or in the moving ice 
above. No trace of a striated pavement was observed. 

Objection to the theory that there are here two boulder-clays 
might be urged somewhat in the terms of the following quota
tion : " In the case of ice-sheets which, deprived of their sources 
of supply, become dead ice and decay in place, the englacial 
material settles down as a layer on the surface of any deposits 
formed beneath the ice when it was in motion. The upper 
boulder-clay of many districts, generally not more than 5 feet 
in thickness and characterised by its loose, loamy nature and 
the high state of oxidation of its materials is very probably 
formed in this way " (Wright, " Quaternary Ice Age" pp. 28, 
29). The numerous kettle-holes, large and small, that form 
quite a considerable fraction (one-fourth or thereby) of the Moor 
of Dinnet (e.g. Loch Davan, Loch Kinord and the hollow to 
the south-west of it, etc.) indicate that the ice of our piedmont 
glacier passed into the dead condition, owing to the retreat of 
the Dee glacier behind the Cnoc Dubh ridge—an event which 
initiated the state of things that led to the excavation of the 
great gorge and pot-hole by the glacial Burn o' Vat.2 But the 
upper boulder-clay is, apart from its considerable thickness, not 
englacial,3 else why the difference in contents between the two 
clays ? Would not the lower clay, if it were the moraine pro-
fonde of the same ice as left the upper clay, be likely to contain 
the higher percentage of local rocks like granite ? The boulder 
beds are the englacial and superglacial materials that have 
settled down on the melting away of the stranded ice. 

Failing the discovery between the two boulder clays of inter-
glacial deposits containing organic remains, the facts just stated 
furnish the strongest possible grounds for regarding the valley 
glaeiation as a distinct " glacial stage." 

The evidence regarding the limits reached by the valley glacier 
would be further strengthened by a detailed study of the glacial 
phenomena of the district; but that would provide subject-

1 These sections are mentioned on p. 124 of Explanation of Sheet, 65, Mem. 
Geo. Surv. : they are imperfectly described since no clean sections had been 
visible when the ground was surveyed. 

2 See Trans. Edin. Geol. Soc, vol x. pp. 326-333. 
3 If all boulder-clay be not englacial 
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matter for several papers. I recommend anyone interested in 
glaciology or in river-terracing to visit the beautiful stretch 
of valley between Ballater and Aboyne. 

The one-inch Ordnance Maps, it may be pointed out, mark 
the 500 foot contour as crossing the Dee a short distance below 
the mouth of the Pollagach Burn ; it actually crosses the river 
2\ miles further down, a little above the rock gorge at Bridge 
of Dinnet. The mouth of the Pollagach Burn is really 560 to» 
570 feet above O.D. An " improving " landlord has removed 
all the bench-marks near by so that exact determination with
out good surveying instruments is impossible. 
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